The effect of Rb on the growth and the development of sugar beet plants (Beta vulgaris, var. MS NB1 X NB4) depends on the Rb concentration, the K supply, and the relative abundance of Na. Rubidium added either to a low or high K solution with or without added Na increased leaf blade size greatly, possibly through an effect on phytohormones or through a "partitioning effect" on the distribution of carbohydrates, with top growth favored over storage roots.
Plant physiologists have generally assumed that only 16 elements are indispensable to the growth of higher green plants. Other chemical elements, for example, Na (4, 7, 12) and Rb (4, 11) , are also frequently recognized as being beneficial for the growth of some plant species, but this fact alone does not establish the essentiality of these elements.
Recently it has been shown that Na appears to be essential for the growth of Atriplex vesicaria (3) , and rubidium replaces K completely in some lower organisms (8) . Other reports indicate a toxic effect of Rb (1, 9) . Berry et al. (1) suggested that Rb toxicity resulted from a lowering of gibberellin concentration in the plant.
Hurd-Karrer (6) was the first to report that Rb injury is an inverse function of the K concentration in the nutrient solution. Later it was shown from a K-Rb study (4) that favorable or unfavorable responses to Rb depend on the relative K and Rb concentrations in the nutrient solution, as well as on the absolute concentration of each.
Previous work in our laboratory (4) dealt with the effect of either Na or Rb on the K nutrition of sugar beet plants. The present investigation concerns the combined effects of the monovalent cations, Rb, Na, and K, on the nutrition of the sugar beet plant.
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MATERIALS AND METHODS
Methods of germinating sugar beet seeds, Beta vulgaris, var. MS NB1 X NB4 and of growing the plants by the water culture technique were reported earlier (4) . The present study consisted of low K-Rb treatments, with and without the addition of Na, and high K-Rb treatments, with and without the addition of Na. Each of the cations was added as the sulfate salt. Four replications were used in a randomized complete block design. The experiment was conducted in a smog-free clear glass greenhouse. Day temperatures did not exceed 30 C and night temperatures did not fall below 20 C.
The initial concentrations of K, Na, and Rb are given in Table  I . Rubidium was supplied either as a single addition at the time of transplanting or at intervals in % o doses until the full amount was added to the culture solution. In the split Rb treatments, the first dose was added at transplanting, the second dose 10 days later, and then the eight remaining doses at 2-to 3-day intervals. Part of each split Rb addition was absorbed while the rest remained in solution at the following Rb addition. Therefore, at any time we have a gradation of Rb concentrations from low to high. For example, 20 days after transplanting, the solutions for the single dose addition still contained 0.5, 1.3, 3.1, 0.9, 1.8, and 3.5 meq of Rb per liter, in treatments 2, 3, 4, 9, 10, and 11, respectively, and for the split Rb additions, 0.1, 0.4, 1.0, 0.4, 0.9, and 1.7 meq/liter, in treatments 12, 13, 14, 19, 20 on Dry Ice and assayed subsequently in duplicate for sucrose content by the method of Browne and Zerban (2). Methods used for ashing and analyzing the plant materials for Na, K, Rb, Ca, and Mg were reported earlier (4).
RESULTS
Potassium deficiency symptoms and the effects of Rb on the morphology of the sugar beet plant have been described earlier (4 Rubidium addition increased leaf size greatly (Fig. 3) . This effect was less pronounced when a single Rb addition was supplied to a solution low in K and Na due to the toxic effect of the high Rb concentration. Rubidium generally increased top growth appreciably at the expense of root size; i.e., in a high K high Na medium the proportion of top dry weight to TDW increased from 62.0 to 68.3 % for the split Rb dose of 4 meq, liter (treatments 22 and 28), whereas the corresponding root dry weight decreased from 33.6 to 27.2% of the TDW.
Rubidium concentrations of the leaf increased with Rb addition. The blades were much higher in Rb concentration than the corresponding petioles (Table II) Generally rubidium increased K concentration of the mature blades and decreased K in the corresponding petioles, indicating that K was displaced from the mature petiole to the mature blade tissues. When Rb was added in split doses to a medium low in K and Na, growth increased, and therefore the K displaced from the petioles to the blades had a less pronounced effect on blade K (Table II, treatments 1, 5, 6, and 7) . However, with the split addition of Rb to a medium low in K and high in Na, mature blade K concentration was not affected and maintained an average of 14 meq of K '/100 g dry matter (treatments 12-14). Except for a few cases, Rb addition generally decreased K concentration of plant tissues. Under low K high Na conditions Rb increased the mature petiole K concentration. Also under high K low Na conditions, the effect of Rb on young leaf K was minor and inconsistent for the various treatments.
Sodium decreased the leaf Rb concentrations for the low K treatments as a result of increasing plant growth. In a high K medium Na decreased slightly the leaf Rb concentrations. Rubidium added as a single or split addition decreased leaf Na concentration in the low K treatments. On the other hand, the high K treatments Rb decreased blade Na concentrations only slightly and petiole Na concentrations slightly or not at all, since high K supply (12 meq/liter) already decreased the concentration of Na to a great extent.
DISCUSSION
The effect of Rb on the growth and development of sugar beets depends on the Rb concentration, the K supply, and the -relative abundance of Na. Toxicity of Rb is prevented by either increasing the K concentration of the culture solution or by supplying Rb in small doses, so that it gradually increases in con-0.4 X10 centration in the plant tissues. Under low K conditions, the growth of tops and fibrous roots is increased even with large amounts of Rb if the Rb is supplied in small doses. The extra growth from Rb at low K supply is due to a redistribution of K within the plant, and this results in a more efficient use of the low K supply for plant growth (Table II, (Table II, treatments 4 and 18), and this decreases its toxic effects (Table I, treatments 4, 15, and 18). Sodium significantly increases plant growth, in solutions containing either a low or high K concentration, over that attained without Na addition. Additionally, Na increases the sucrose percentage and total sucrose content of the storage roots even when the plants are grown in a high K solution. When Na and Rb are supplied simultaneously, synergetic effects are present only at low K supply (Table II, (Table  II , treatments 5 and 6) or Na is at 169 meq/100 g (Table II , treatment 8). A possible explanation of these results is that these conditions constitute favorable cation balances. The effects are presumably on the subcellular level, especially on the activity of various enzyme systems. Therefore, it is logical to assume that the K value of about 14 meq/100 g for mature blades would represent a critical concentration needed to fulfill the biochemical requirement for K.
The effects of Rb, Na, or K at the subcellular level are complicated. Evans and Sorger (5) working with isolated enzymes contend that K is required to maintain the steric configuration of certain enzymes. Specific monovalent treatments might affect the phytohormones which indirectly might affect the steric configuration of certain enzymes. High Rb content in plant tissues might inhibit the activity of the different enzyme systems or interfere with the hormonal balance in the plant due to competition with K in the plant metabolism. Berry and Smith (1) found that GA3 can negate the inhibition induced by high Rb concentration, suggesting that the level of gibberellins in the plant is reduced when treated with high Rb.
A third mode of action of Rb or Na could be through a need of these elements in plant growth. The significant increase of sugar beet growth when Na is added to a high K medium may imply a direct effect of Na on the subcellular level, possibly on the enzyme systems. The increase in sucrose percentage and total sucrose of the beet root when Na is added to high K solutions suggests the possibility that Na might be involved in sugar formation directly or indirectly. Moscolov and Aleksandrovskaya (10) showed that Na increased the synthesis of sucrose in leaves of flax. The large leaf blade areas obtained in the presence of high K and high Rb suggest a role of Rb in the hormonal balance in plants, since leaf growth is known to be controlled through the interactions of auxins, gibberellins, kinins, and light.
Rubidium added as either a single or split addition to a low or high K solution in the presence or absence of Na had an appreciable "partitioning effect" on carbohydrate utilization by sugar beet plants. The proportion of tops to TDW increased while the corresponding proportion of roots decreased when Rb was supplied to the nutrient solution. The high sucrose percentage and total sucrose present in beet roots in media high in K and containing Rb implies that Rb might be involved in sugar formation directly by its effects on photosynthesis or indirectly by leaf blade enlargement; however, the percentage sucrose values observed in the present study were less than those of plants in a medium containing a high K high Na concentration. Therefore, the sugar formed by the plants treated with Rb favors growth of blade tissue, possibly through the interaction with the phytohormones, leaving less sugar for translocation to the beet root.
Sugar beet plants may possibly require Rb and Na per se for growth and development, but in such small amounts that their needs are generally satisfied by traces of Na or Rb present in salts used. In order to show such essentiality, the salts used have to be freed completely of traces of Rb and Na, which is difficult, at least for Rb. Similarity of K and Rb in ion absorption (unpublished data by A. M. El-Sheikh, A. Ulrich, and T. C. Broyer) was reflected by the concentration of K and Rb in the different plant parts. Potassium and Rb were effective in decreasing the concentration of one another, and in decreasing the Na concentration in plant tissues. The redistribution of elements from petioles to blades is a specific phenomenon associated with certain elements and for specific plant parts, i.e., mature leaves. Rubidium and Na caused a redistribution of K from petiole to blades, but Rb or K did not cause a redistribution of Na.
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